This paper presents the growth stages of buckwheat grown as a primary or secondary crop as well as using three seeding rates. A field experiment was conducted in the years 2003 -2004 and in 2006 on podzolic soil derived from slightly loamy sand. Phenological observations were made at 5-day intervals, from the time of buckwheat emergence (in the primary crop around 28 May, in the secondary crop 7 June), on selected and properly marked plants. The buckwheat plants were harvested when more than 80% of buckwheat seeds on them were brown. The duration of particular growth stages of buckwheat are presented in phenological diagrams.
INTRODUCTION
As a crop plant, common buckwheat has a lot of advantages: it can be grown on poorer soils, has a short growing period, can be sown at different sowing times as a main or secondary crop as well as it is a melliferous plant and a valuable medicinal plant. In spite of its many beneficial and useful features (F o r n a l and S o r a l -Ś m i e t a n a , 1988; S z c z u k o w s k i and T w o r k o w s k i , 1994; P a w ł o w s k a and P o d o l s k a , 1996; D i e t r y c h -S z ó s t a k and S u c h e c k i , 2003), it is classified as a minor crop. Buckwheat acreage in Poland does not exceed 1% of the total area of cereal crops (GUS (Polish Central Statistical Office), 2009). The primary reasons for this situation are unfavourable price relations for buckwheat seeds and frequently adverse weather conditions during its particular growth stages. Buckwheat, as a thermophilous plant, requires a quite high temperature for proper emergence, since it dies at temperatures slightly below zero. Heterostyly and the short life span of flowers (they bloom only for one day) has a decisive impact on the number of seeds set. In practice, the percentage of seeds set relative to flowers produced frequently ranges from only 10 to 40% (R u s z k o w s k i and N o w o r o l n i k , 1994; P e c i o , 1997). Many authors (K r e f t , 1986; K u s i o r s k a et al. 1989) report that the flowering stage can be extended by using sparser sowing or by sowing seeds in wide rows. This results in the development of a larger number of firstand second-level branches as well as a larger number of inflorescences. The extension of this phase increases the probability of pollination by bees, and thus it promotes the number of properly developed seeds on a plant (R u s z k o w s k i , 1986; 1988) . Buckwheat is a plant that is neutral to day length, but the progress of particular stages is dependent on day length and sowing time (R u s z k o w s k i , 1965).
Phenology, as a science designed to observe periodic life cycle events and their interrelationships (S k r z y c z y ń s k a , 2009), is frequently used in agriculture.
The aim of the present study was to determine the duration of phenological stages of buckwheat in the primary and secondary crop as well as depending on different seeding rates.
MATERIALS AND METHODS
A field experiment was conducted in the years 2003-2004 and in 2006 in the village of Ruskie Piaski, commune of Nielisz, on podzolic soil derived from slightly loamy sand, classified as a poor rye soil complex. This paper does not include the 2005 results, since a hailstorm destroyed the buckwheat crop in this year. The present study was carried out as a field experiment set up in a split-plot design in three replications with the sowing and harvest plot area of 20m 2 . This experimental design included two factors: I. Type of crop: A -primary; B -secondary, II. Seeding rate in kg×ha -1 (pcs×m -2 ): a) 60 (250); b) 80 (340); c) 100 (430).
In the primary crop, buckwheat was grown following spring cereal mixture (oats + spring barley + spring wheat), whereas in the secondary crop it was grown after a winter cover crop, which was winter rye. Typical tillage was done for growing buckwheat in the primary crop, while for the secondary crop tillage treatments were reduced to spring ploughing (20 cm depth), which was done after the cover crop had been harvested obtaining a yield of 20 t×ha -1 , and then harrowing was performed.
The soil used in the experiment was characterized by an acidic pH (5.0), a humus content of 1.17-1.56% as well as a very high content of phosphorus (P = 19 mg/100 g of soil), an average potassium content (K = 12 mg/100 g of soil), and a low magnesium content -3.0 mg/100 g of soil. The rates of mineral fertilization, in kg of nutrient per hectare, were as follows: N -50, P -40, K -50. Phosphorus fertilizers (triple superphosphate) and potassium fertilizers (50% potassium salt) were applied at the full rate before sowing buckwheat, whereas nitrogen fertilizers (ammonium nitrate) were divided into two portions and the first one (30 kg) was introduced before sowing, together with phosphorus and potassium fertilizers, while the other one (20 kg) was applied at bud set.
The buckwheat cultivar 'Hruszowska' was grown and it was sown at a row spacing of 13 cm. For the primary crop, the sowing date was 19-21 May, whereas for the secondary crop it was 30 May. The herbicide Fusilade Forte 150 EC (fluazifop-p-butyl) was used for weed control in the buckwheat crop; it was applied at a rate of 2 l×ha -1 at the 1-4 leaf stage of monocotyledons weeds and at the 3-4 leaf stage of buckwheat. The buckwheat crop was harvested when more than 80% of buckwheat seeds were brown.
The occurrence of phenological phases was recorded on the basis of 20 selected and properly marked plants in each plot. Phenological observations were made at 5-day intervals, starting from the date of buckwheat emergence. On the observation days (Table 1) , the number of plants that had reached the full growth stage in question was recorded (at least 50% of the plants had the trait characteristic of a particular phase, e.g. there were 50% of buds on a plant, etc.).
The results of determinations from the entire growing period of buckwheat were used to calculate the average proportion of a particular phenological phase in a given observation period and then to present this phase in a phenological diagram. Phenological diagrams have the form of large rectangles. A graphic symbol is assigned to each phenophase and it reflects such a phase in the chart depending on its percentage share at a given time. This means that the particular symbol will occupy the whole height of a phonological diagram (rectangle) in the case when only one phenological stage of buckwheat was observed on the respective day of observation. On the other hand, if buckwheat was in different phenological phases at the time of observation, this is reflected in a narrowing of the graphic symbol accordingly, which corresponds to the percentage value of the growth stages of buckwheat recorded at that time. 
RESULTS
The weather pattern in particular years of the study was analysed based on the data obtained from the meteorological station of the Faculty of Agricultural Sciences in Zamość (Table 2 ). Selyaninov's hydrothermal coefficient was used to determine dry and post-drought periods (Table 3 ). This coefficient was calculated according to the following formula (M o l g a , 1958):
where: K -the value of the hydrothermal coefficient, P -monthly total rainfall, t -sum of mean daily air temperatures for a given month. During the first year of the study (2003), there was a rainfall deficit compared to the long-term mean, coupled with high air temperatures. There was an abundance of rain in May, hence during the time of buckwheat sowing, and in July (Selyaninov's coefficient > 2.01). A distinct rainfall deficiency was observed in the other months, while a spell of drought was recorded from August until the end of the growing period of buckwheat (0.19-0.18).
In 2004 buckwheat grew under different conditions than in 2003. Compared to the long-term mean, the rainfall deficit was then the lowest, since it was only 11 mm. However, such a rainfall pattern during the period May -September was primarily determined by the month of July because as much as 145 mm of rain was recorded in this month, i.e. 46.6 mm more than in the period . A period of semi-drought was recorded in the months of June and September. In terms of temperatures, the second year of the study proved to be closest to average conditions, since mean temperature of the growing season of buckwheat exceeded during this period the long-term mean temperature only by 1.5 o C. Temperatures in May and September were closest to average conditions. Temperatures in the summer 2004 were similar to summer temperatures in 2003, that is, they were much higher than in the long-term period.
During the last phase of the study (2006), the lowest amount of rainfall and very high air temperature were recorded. July proved to be particularly dry and hot. High rainfall, exceeding the long-term norm by 64 mm, was recorded as late as August. Therefore, the last season of the study can be generally described as very dry and very warm. In 2003 full emergence of buckwheat in the plots with the seeding rate of 60 kg×ha -1 in the primary crop was observed already on the sixth day from the time of sowing (20 May) (Fig. 1 ). This phase lasted only five days; after this period, buckwheat developed the first pair of true leaves, while after another five days (21 days from sowing) the subsequent pairs of leaves and it started budding. The full bud stage occurred after 26 days from sowing; on day 31 from sowing 20% of the plants were still at this stage, whereas 73% were already at the flowering stage. The flowering phenophase extended in time, as long as until 20 July (61 days after sowing) when still 3% of the buckwheat plants bloomed. From day 41 after sowing (30 June), the flowering stage occurred simultaneously to full seed set. Seed browning started 56 days after sowing. From 4 August, i.e. after 76 days from sowing, almost all buckwheat plants (97% of their total number) were observed at the stage of brown seeds (80%) (Fig. 1 ).
An increased seeding rate up to 80 kg×ha -1 in the primary crop only slightly changed the growth cycle of buckwheat compared to the seeding rate of 60 kg×ha -1 (Fig. 1) . The phase of development of vegetative organs started after six days from sowing (26 May) and lasted until 5 July (46 days from sowing), thus by 5 days longer than in the case of the minimum seeding rate -60 kg×ha occurred during the period from 10 to 30 July and it was greater than in the treatment with the seeding rate of 60 kg×ha -1 (Fig. 1 ). In the case of the maximum seeding rate (100 kg•ha -1 ), the growth of buckwheat was similar to that when the seeding rate of 80 kg×ha -1 was applied ( , on 20 June (31 days from sowing), but it lasted only until 5 July (15 days shorter than in the case of sparse sowing). As opposed to the lower seeding rates (60 and 80 kg×ha -1 ), 100% of individuals set seeds already on 10 July, i.e. after 51 days from sowing. Seed maturation started on 15 July and this process was parallel to seed set until 4 August. From 4 August, i.e. after 76 days from sowing, all the buckwheat plants were in the phase in which 80% of seeds were brown (Fig. 1) .
In the secondary crop with the seeding rate of 60 kg×ha -1 , full emergence of buckwheat was recorded after 11 days from the date of sowing, which was done on 30 May (Fig. 1) . The early growth stage of buckwheat, i.e. emergence as well as the stage in which the first, second and subsequent pairs of leaves developed, lasted until 15 July. From 30 June, i.e. after 31 days from sowing, the full bud stage was observed and from 5 July the beginning of flowering of buckwheat. Until the time of full flowering, i.e. 15 July, the buckwheat plants were concurrently in 3 growth stages, notably at the vegetative, flower bud and flowering stages. After this period, no buckwheat plants were observed in the vegetative phase and the number of flower buds decreased down to 10%, while the number of flowering individuals increased up to 90%. 51 days from sowing (20 July), 20% of the buckwheat plants were at the seed set stage. On the subsequent dates of observation, the number of seed-setting plants increased, reaching its maximum on 30 July (61 days from sowing) -77% of the total number of plants observed. The beginning of seed browning was noticed on 4 August and this process ran parallel to seed set until 24 August, i.e. till day 86 from sowing. Complete browning of 80% of seeds was noted on 24 August, hence after 86 days from sowing of buckwheat.
The growth of buckwheat in the secondary crop plots with the seeding rate of 80 kg•ha -1 was similar to this process in the case of the seeding rate of 60 kg×ha -1 (Fig. 1) .
The maximum seeding rate in the secondary crop delayed the growth of buckwheat at the emergence stage compared to the seeding rates of 60 and 80 kg×ha -1
. The flowering stage also started 5 days later (10 July) and lasted only until day 61 from the date of sowing of buckwheat. Seed set occurred after 56 days from sowing (25 July). In the case of the seeding rate of 100 kg×ha -1 , full maturity of buckwheat was observed at the same time as in the plots with the seeding rate of 80 kg×ha -1
. It occurred 86 days from sowing (24 August), that is, this phase took place 5 days earlier relative to the plots with the seeding rate of 60 kg×ha -1 (Fig. 1 ). In the primary crop, sowing of buckwheat was done on 21 May in 2004. After 8 days, full emergence of the buckwheat plants was observed in all the plots (Fig. 2) . On 7 June (18 days from sowing), buckwheat produced the first pair of leaves, and 23 days from sowing (12 June) it developed the second and subsequent pair of leaves. From this moment, the growth of buckwheat depended on the seeding rates applied. In the plots with the seeding rate of 60 kg×ha -1 , the beginning of the flower bud phenophase was observed on day 23 from sowing, while the full bud stage during the period from day 28 to day 38 after emergence. After 38 days from sowing, 3% of the plants were observed at the vegetative growth stage, 50% at the flower bud stage, while 47% at the flowering stage. Full flowering of buckwheat was observed 5 days later, i.e. on 3 July. Concurrently to this phase, seed set began 48 days after sowing, and it lasted with higher or lower intensity as long as until 7 August, i.e. till day 78 from sowing. The beginning of seed browning was observed earlier, since on day 68 of the growth of buckwheat, whereas browning of these organs in 80% was observed on all the buckwheat plants on 12 August, i.e. after 83 days from sowing.
In the plots with the seeding rate of 80 and 100 kg•ha -1 , the buckwheat plants had more advanced vegetative growth stages from day 28 of the growth compared to the plots with the seeding rate of 60 kg×ha -1 (Fig. 2) . The flower bud stage was observed on day 28 from sowing in 57% of the plants in the plots with the seeding rate of 60 kg×ha -1 , whereas in the plots with the seeding rate of 80 kg×ha -1 flower buds were produced by 63%, and in the plots with the seeding rate of 100 kg×ha -1 by 70% of all buckwheat plants. In the plots with the seeding rate of 80 kg×ha -1 , full flowering lasted five days shorter (until 17 July). In spite of these differences, complete browning of 80% of seeds was noted after 83 days from sowing, thus at the same time as in the treatment with the rate of 60 kg×ha -1 (Fig.2) . Full emergence of buckwheat grown in the secondary crop in 2004 was observed in all the plots simultaneously, i.e. after 9 days from sowing (Fig. 2) . The applied seeding rates did not also differentiate the time of emergence of the first pair and subsequent pairs of leaves in the buckwheat plants. This factor affected noticeably the time of beginning of the flower bud stage; notably, the lower seeding rate was used, the earlier and more abundantly the buckwheat plants set buds. Such a situation lasted from day 24 to day 34 after sowing, and then the proportions in the number of flower buds in the individual treatments equalised. The seeding rates applied clearly modified also the date of start of the flowering stage of buckwheat. In the case of the lowest seeding rate (60 kg×ha -1 ), flowering began on 3 July (34 days after sowing), with the seeding rate of 80 kg×ha -1 on 8 July (39 days after sowing), whereas in the plots with the seeding rate of 100 kg×ha -1 it occurred as late as 13 July, i.e. 44 days after sowing. Seed set started in the plots simultaneously, i.e. on 18 July (49 days after sowing). Again, buckwheat in the plots with the lowest seeding rate entered earliest the last phenophase, i.e. browning of 80% of seeds -on 28 July (59 days after sowing). An increase in the seeding rate by 20 kg×ha -1 delayed the beginning of seed browning by 5 days, whereas an increase in the seeding rate up to 100 kg×ha -1 delayed it by another 5 days compared to the seeding rate of 60 kg×ha -1 . On the next dates of observation, there was a systematic increase in the number of maturing buckwheat plants, and the final completion of this process was noted in all the plots on 27 August, that is, on day 89 from sowing ( Fig. 2) .
The experiment involving growing buckwheat in the primary crop in 2006 was set up on 19 May (Fig.  3) . Emergence (on day 9 from sowing), early growth and the beginning of seed set occurred at the same time in all the plots. The applied seeding rates resulted in differences in the growth of buckwheat only from 22 June, i.e. 34 days from sowing. It was then that the buckwheat plants entered the full bud stage with greater intensity in the plots with the seeding rates of 80 and 100 kg×ha -1 in which there was, respectively, 73% and 64% of the plants with flower buds compared to 50% of such plants in the treatment in which the rate 60 kg×ha -1 was applied. On the subsequent dates of observation, the growth of buckwheat was more equal in the treatments under comparison. This is manifested in the fact that full flowering was recorded everywhere on 7 July (49 days from sowing), full seed set on 17 July (59 days from sowing), whereas the start of seed browning on 27 July (69 days from sowing). After 79 days from sowing, between 63% (seeding rate of 100 kg×ha -1 ) and 73% (seeding rate of 60 kg×ha -1 ) of seeds became brown, while after 89 days from sowing (16 August) all the plots were characterized by seed browning in 80% of seeds (Fig. 3) . In the secondary crop, buckwheat emerged in all the plots after 8 days from sowing (Fig. 3) . In 2006 the compared seeding rates differentiated only the time of emergence and the intensity of the vegetative growth stages of buckwheat. Flower buds on the buckwheat plants were set earliest in the case of the seeding rates of 80 and 100 kg×ha -1 -27 June (after 28 days from sowing). When the seeding rate of 60 kg×ha -1 was applied, the onset of the above-mentioned phenophase was observed 5 days later (2 July). Full flowering of the buckwheat plants was recorded in all the plots on 12 July and this phase lasted until 22 July, i.e. till day 53 from sowing. Relatively more buckwheat plants reached this phenophase in the treatments with the increased seeding rates than in the plots with the seeding rate of 60 kg×ha -1
. Seed set started earlier in the plots with the seeding rates of 60 and 80 kg×ha -1 -17 July (48 days after sowing) -than in the plots with the seeding rate of 100 kg•ha -1 -22 July. Full seed set lasted from 27 July to 11 August, while in the plots with the seeding rate of 60 kg×ha -1 only until 1 August. The end of this process was noticed on 21 August, when from 83% (seeding rate of 100 kg×ha -1 ) to 90% (the other seeding rates) of the plants had brown seeds in 80%. Complete maturation of seeds in all the secondary crop plots occurred on 31 August, i.e. after 93 days from sowing (Fig. 3) .
DISCUSSION
In the present study, the growth cycle of buckwheat during study years is illustrated in phenological diagrams (Figs 1-3) . Such a method of presentation of buckwheat phenology has no equivalent in the literature of the subject. In the available literature, the growth and development of buckwheat has been thus far described by using only tabulated data that most frequently specify the number of days from the date of sowing until the date of occurrence of more important growth stages, the duration of inter-stage periods (S z k l a r z , 1965; M a z u r e k , 1966), or the duration of the growing period. The present authors, wishing to refer to the buckwheat growth cycle so presented, have also prepared relevant tabulated data under this study (Tables 4 and 5) .
A comparison of the data contained in the phenological diagrams and of the tabulated data shows that the type of crop changed buckwheat phenology most of all, while study years and seeding rates changed it to a smaller extent. In the secondary crop, which is associated, among others, with a later sowing date, the period of buckwheat emergence generally lasted longer than in the primary crop. The emergence stage was longer particularly in 2003, when a rainfall deficit was recorded at the end of May and at the beginning of June, coupled with very high air temperature. As a result of abundance of rain and much lower temperatures, which were less dry, in the 1st decade of June 2006 full emergence of buckwheat was observed in the secondary crop already after eight days, hence faster by 1 day than in the primary crop in the case of which sowing had been done during a post-drought period. The rate of emergence and the development of the first pair and then of subsequent pairs of leaves affected the dates of occurrence of the generative growth stages. In the primary crop, these stages occurred faster in (Tables 4 and 5 ).
The seeding rates differentiated buckwheat phenology in an ambiguous way as well as to a small extent and only in some growing seasons. An increase in the seeding rate above 60 kg (Table 4 ). In the secondary crop, higher seeding rates delayed the phenological phases of full bud stage and full flowering in 2003, whereas in 2004 they accelerated full seed set (Table 5 ).
The studies of other authors have not generally carried out such frequent observations of buckwheat growth as in the present study. Furthermore, at most the effect of sowing date on the time of occurrence of the main phenological phases has been analysed in these studies, but the effect of seeding density on the growth cycle of buckwheat has not been addressed at all. Research on other cultivars than cv. 'Hruszowska', grown in the study under discussion, has been frequently conducted. In the opinion of S z k l a r z et al. (1973) , the cultivar 'Hruszowska' emerged after 5-10 days from sowing, whereas it flowered after 28-31 days from sowing. In the opinion of S z k l a r z et al. (1988) , the same cultivar produced the first pair of leaves 7-9 days after emergence, while it fully matured after 76-81 days from sowing.
In the present study, the response of buckwheat to the type of crop, thus indirectly to the sowing date, was sometimes different than that reported in the literature of the subject. It could have resulted from the fact that the distance between the sowing dates was too small, since it was only 10 days. In the study of L is z e w s k i (1997, 1997a) , the distance between the sowing dates was more than one month (the 3rd decade of April and the 3rd decade of May), while in the study of M a z u r e k and P o d o l s k a (2001) it was as much as more than two months (6 May -14 July). Therefore, in the situation existing during the studies conducted by these authors, the response of buckwheat to day length could have manifested itself, though in the opinion of R u s z k o w s k a and R u s z k o w s k i (1981) buckwheat is a photoperiodically neutral plant. 
CONCLUSIONS
The occurrence and intensity of the investigated phenological phases of buckwheat were dependent to the greatest extent on the type of crop, but to a lesser degree on weather conditions during the growth of buckwheat. The seeding rate was of least importance in the present experiment.
A lower amount of rainfall in 2006 caused a delay in the growth stages of buckwheat grown in the primary crop by six days compared to the previous years.
